SUMMARY The study of the natural history of genetic disorders and syndromes with congenital anomalies and dysmorphic features is a challenging and often neglected area. There are many reasons to pursue this type of research but it requires special clinical skills and a considerable amount of hard work. Setting up protocols and collecting data is complex and time consuming. Frequently, helpful clues for a particular disorder come from the study of the natural history of other disorders. Older affected subjects and unique cases with unusual features are often most important in unravelling the 'normal' course of a disease or recognising the basic defect. The study of natural history from individual patients and their records is complementary to population or registry based studies because it identifies individual variations and clinical heterogeneity. The understanding of the natural history of a particular disorder is of importance both to the affected person and their family and to the physicians caring for them. It is also useful to the basic researcher trying to determine the pathogenetic mechanism causing the disorder. In many ways, clinical geneticists have learned the art of caring for patients, as well as the challenges of clinical genetics, by becoming apprentices to and studying in depth specific disease entities.
The delineation of syndromes and genetic disorders follows a predictable sequence of stages. First, there is the recognition of a unique association of clinical features. Second, there is clarification of the variability that can be seen, minimal diagnostic criteria, and possibly even establishment of diagnostic tests. Third, there is the elucidation of the natural history and prognosis of the condition. The 
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an account of all of the consequences of that disorder, or as the study of the disease process with emphasis on the sequence of events and the effects of time. This includes age of onset, initial complaints, signs, symptoms, laboratory aids in diagnosis, order of onset of complications and manifestations, the effect of the condition on pregnancy, age of death, types and effectiveness of treatments, as well as the modifications that the treatments produce, psychosocial ramifications, and even the impact of ethnic background and environmental factors. 2 The availability of growth curves and developmental landmarks for the 'normal' affected population allows comparison of an affected person with the 'real' normal. Changes in appearance, variable natural history, it becomes possible to make reliable comparisons which can be statistically analysed, and therefore to develop testable hypotheses which can be studied quantitatively. '9 of osteogenesis imperfecta allowed subtypes to be distinguished which then became the basis for applying different biochemical and DNA techniques, looking for the basic defect in collagen. Now that specific collagen defects are being determined, classification of osteogenesis imperfecta may more usefully be based on the domain of the collagen molecule involved and the type of DNA mutation (that is, deletion, nonsense, missense, etc) than on specific clinical features. The work on osteogenesis imperfecta has made it clear as well that the particular diagnostic techniques need to be applied to each subgroup (that is, a person or family from each subgroup should be studied), since marked differences may be observed that would have been missed if only applied to a few patients.
Spranger7 has recently suggested that some chondrodystrophies can be categorised into 'families' because of similar features and that these patterns of features reflect a similar pathogenetic mechanism. The preliminary finding of linkage for both Stickler's syndrome and Kniest's syndrome20' (both of which were part of one such suggested family) to the type II collagen gene (COL2A1) seems to confirm this approach.
Other work on Duchenne and Becker muscular dystrophies '3 indicates that each of the two conditions which were thought on clinical grounds to be distinct disorders are actually allelic. It may be that as the years pass, we will often be 'lumping' together disorders which have been ' The study of natural history and the definition of the particular problems seen in a disorder allow much more accurate information to be provided to patients and families concerning the spectrum of severity and the potential burden of a particular disease.
Knowledge of the specific risk that a condition will recur in family members is very important to them for their own reproductive planning. Fairly accurate empirical predictions can be made for most conditions and prenatal diagnosis is becoming available for an ever increasing number of disorders. Inherent in the diagnosis of most genetic disease or malformation syndromes is a specific recurrence risk for children of the proband and other members of the family. Achondroplasia is always an autosomal dominant trait37; by contrast, amyoplasia is always sporadic.22
Reproductive decisions, however, are based not only on the magnitude of the recurrence risk but also on the anticipated burden of a disorder. Knowledge about the natural history of a disorder is essential for the family to be able to come to an understanding of the burden. For instance, the parents of an anencephalic infant who dies at birth are at risk in the next pregnancy for having a child with spina bifida who would survive and could be handicapped to varying degrees. To provide the family with adequate information in rare conditions, case reports may be scoured, known patients with the same disorder may be contacted, and analogies may be made with similar disorders. However, better studies are still needed for almost every disorder in order to understand the spectrum of severity and the potential burden to the families.
DEFINING THE BASIC DEFECT
The description of the natural history of a disorder often provides hints about where to look for the basic defect. The time of onset, the pattern of organ system involvement, the distinction of primary versus secondary and tertiary effects, the types of abnormal cell differentiation, the patterns of growth, the presence of static versus progressive changes, and the mode of inheritance all give clues as to the kind of pathogenetic process at work. It is important to keep in mind classes of pathogenetic mechanisms while describing the natural history of a particular disorder, in 43 The study of natural history is extremely important for pointing the basic scientist toward appropriate areas of research. In addition, the proposed pathogenetic mechanism must explain the feature observed. For instance, the molecular defect in sickle cell anaemia can explain why sickle cell crises occur and why there is increased susceptibility to certain kinds of infections in the affected homozygote.44 RESEARCH CONCERNING NATURAL HISTORY Probably the reason that little is known about the natural history of most genetic conditions and syndromes with congenital anomalies and dysmorphic features is that each is relatively rare and it takes an experienced clinician to be able to set up and conduct a study of natural history. Most genetic clinics see patients only once or twice, but many visits over many years with carefully detailed records may be required to establish natural history. Patients with genetic disorders may often never even be seen in genetics clinics. Many syndromes have been recognised for less than 20 years and since it takes many years to accumulate natural history data, there may not have been time to establish a database. In the past, clinical research on the study of natural history has not been well supported by research funding agencies, nor has it been given adequate academic recognition. It requires a different approach from that of classical laboratory research studies or clinical care research studies, but natural history information is clearly needed.
SPECIAL RESOURCES
Collaborative studies are often required for natural history studies. Genetic disorders are relatively rare, so no one physician or centre usually has sufficient affected or at risk patients to be able to set up a study of natural history. Affected persons may be followed in a variety of different clinics to care for specific complications (cardiac, orthopaedic, ENT, etc). Even for relatively common disorders, such as neurofibromatosis, tuberous sclerosis, and Huntington's disease, collaborative studies are needed in order to have sufficient numbers of patients to achieve statistically significant results when testing hypotheses.
Working together with specific disease group or lay group organisations is often one of the best sources of patient material.45 46 Most affected persons or parents of affected children are very concerned about the particular disorder and are usually willing to cooperate with investigations.
These families are highly motivated to have the natural history and the complications of the disorder identified and defined. In addition, parents who deal with the condition on a daily basis often make observations that can lead to a better understanding of the natural history and the basic mechanisms. Examples of patient lay groups which have worked hard to contribute to an understanding of the natural history of particular disorders include Little People of America, the Williams Syndrome Association, the Prader-Willi Association, the Huntington Disease Society, and the Turner Syndrome Association. 46 Special clinics for specific disorders may serve the same purpose since they allow a number of patients to come together at one time and facilitate the making of comparisons. Usually, special clinics involve a variety of specialists who come together, bringing their own areas of expertise. Because they have an interest in the specific disorder, they will probably have acquired very useful knowledge about it. In addition, special clinics often establish protocols to collect data in an organised way and to define the response to particular types of therapy. Such clinics require excellent organisation, designated clinic coordinators, and usually additional funding. Examples include clinics for short stature, neurofibromatosis, arthrogryposis, and genetic dermatological disorders.
Older adults with a particular disorder can often be a very valuable source of information about natural history. These persons will have lived a relatively long time and therefore have developed many of the complications which are likely to occur. It is only by following patients to a relatively old age that it is possible to determine fully the natural 
